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® Hot chucic assembly for integrated circuit wafers. 



@ A hot chucl( assembly (10) characterized by a 
platen. (30) suspended over a base (12) by four, 
equally spaced mounting posts (60). The suspension 
points on the platen (30) are provided as close as 
possible to its upper, wafer support surface (32) so 
that thermal expansion of the platen (30 has a mini- 
mal effect on the position of a supported wafer. Each 
of the mounting posts (60) includes a pair of resilient 
leg portions (64/66) which can flex in a radial direc- 
tion to absoriD radial expansion or contraction of the 
platen (30). In consequence, the hot chuck assembly 
(10) of the present invention minimizes both lateral 
and axial displacement of a supported integrated 
u circuit wafer as the platen (30) heats and cools. 
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HOT CHUCK ASSEMBLY FOR INTEGRATED CIRCUIT WAFERS 



DESCRIPTION OF THE PRIOR AFtT 

1. Field of the Invention 

This invention relates generally to integrated 
circuit testing apparatus, and more particularly to 
apparatus used to test the die of integrated circuit 
wafers before they have been cut into individual 
integrated circuit chips. 



2. Description of the Prior Art 

A first step in the production of an integrated 
circuit device is the manufactur of an integrated 
circuit wafer comprised of many individual inte- 
grated circuit die. Usually, each die will be- tested 
to see if it is functional before the wafer is cut to 
separate the die into integrated circuit chips. If, 
during the testing process, it is determined that a 
particular die is inoperative^ it can be marked by 
the testing machine to distinguish it from the func- 
tional die. After the entire wafer has been tested 
and the non-functionaf die hava been marked, the 
wafer is sawn or cut to separate the die into the 
individual chips. The marked chips are discarded 
and the good chips are packaged to complete the 
manufacture of the integrated circuit devices. 

Enlarged, conductive contact pads are pro- 
duced In the upper surface of each die to serve 
initially as test pads, and later as bonding pads. 
Probes of a wafer testing machine are placed in 
contact with these pads to permit the testing ma- 
chine to perform a number of electric and elec- 
tronic tests on the die. 

It is often desirable to test the integrated circuit 
wafer at elevated temperatures. For this purpose, 
"hot chucks" have been developed. A hot chuck 
generally includes a platen for supporting an in- 
tegrated circuit wafer, a mechanism for heating the 
platen to a desired temperature, and a mechanism 
for securing an integrated circuit wafer to the plat- 
en. Prior art hot chucks are rigidly attached to a 
base plate, which, in turn, can be attached to a 
mounting plate of an X-Y stage. 

Eeature_si2es,_i.e._line_widths,_pad_areas-etc.._ 

are-becoming-ever smallerin order to increase the 
density, performance, and complexity of integrated 
circuit devices. In consequence, it is becoming 
continually more difficult to properly position the 
test probes of an integrated circuit wafer testing 
machine on the test pads of an integrated circuit 
die. 



The aforementioned problem is particularly ap- 
parent with hot chuck assemblies of the prior art. 
More specifically, it has been found that when a 
prior art hot chuck assembly is heated to approxi- 

5 mately 300 degrees Centrigrade, the chuck platen 
which supports the integrated circuit wafer expands 
both axially and radially. The axial expansion, 
which can be as much as .007 inches, is particu- 
larly disruptive, because it will often cause the test 

10 probes of the wafer testing machine to slide off of 
the test pads with which they were in contact. The 
radial expansion of the chuck platen can also be 
problematic if it causes a lateral shift of the chuck 
platen, again potentially causing the test probes of 

15 the wafer testing machine to slide off of their re- 
spective test pads. 
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SUMMARY OF THE INVENTION 



A major object of this invention is to provide a 
hot chuck assembly which can support an inte- 
grated circuit wafer in a substantially constant hori- 
zontal plane as it is heated and cooled. 

25 Briefly, the invention includes a base assembly 
which can attach to an X-Y stage table, a chuck 
assembly, and a plurality of mounting assemblies 
which support the chuck assembly over the base 
assembly. The chuck assembly Includes a chuck 

30 platen having a substantially horizontal, planar, wa- 
fer support surface, a heating coil for selectively • 
heating the chuck platen, and a vacuum clamping 
mechanism for holding an integrated circuit wafer 
firmly against the wafer support surface. The 

35 mounting assemblies each include a radially flexi- 
ble mounting post attached to the base portion and 
a mounting pin cantilevered from a top portion of 
the mounting post to engage the chuck platen near 
its wafer support surface. 

40 As the chuck platen is heated, its axial expan- 
sion is almost entirely in a downward direction 
because the mounting pins support the platen al- 
most at the wafer support surface. In consequence, 
there is minimal axial movement of the wafer sup- 

45 port surface as the platen is heated or cooled, 
which maintains the integrated circuit wafer in a 
— substantially-constant-horizontal-plane.- 



Radiar expansion of the chuck platen is trans- 
mitted through the mounting pins to the mounting 
50 posts. The legs of the mounting posts are designed 
to flex in a radial direction in such a manner so as 
to maintain the vertical position of the wafer sup- 
port surface, and to inhibit lateral movement of the 
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central axis of the chuck platen. Small, axial move- 
ments caused by deflections of the mounting as- 
semblies tend to offset small, residual axial dis- 
placements of the wafer and platen. 

An advantage of this invention is that an in- 
tegrated circuit wafer can be he^ed and aitowed to 
cool without causing the test probes of a wafter 
testing machine from slipping or lifting off of the 
test pads of an integrated circuit die. 

These and other objects and advantages of the 
present invention will no doubt become apparent to 
those skilled in the art after they have read the 
following descriptions and studied the various fig- 
ures of the drawing. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. t is a top plan view of a hot chuck 
assembly in accordance with the present invention; 

Rg. 2 is a cross-sectional view taken along 
line 2-2 of Rg. 1; 

Rg. 3 is a perspective view of the mounting 
posts shown in Rgs. 1 and 2 and 

Rg. 4 is an elevation view of the mounting 
posts and mounting pins shown in Rgs. 1 and 2 as 
they absorb radial expansion of the chuck platen. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to Rgs. t and 2, a hot chuck 
assembly 10 in accordance with the present inven- 
tion includes a base assembly 12, a platen assem- 
bly 14, and a number of mounting assemblies 16. 
As best seen in Rg. 2, the mounting assemblies 16 
support the platen assembly 14 above the upper 
surface 18 of the base assembly 12. 

Base assembly 12 includes a mounting plate 
20. an insulating spacer 22. and an interface plate 
24. The insulating spacer 22 is sandwiched be- 
tween mounting plate 20 and interface plate 24 to 
electrically insulate the mounting plate 20 from the 
interface plate 24. A bottom surface 26 of interface 
plate 24 is configured to engage a mounting sur- 
face of an X-Y stage table (not shown). The base 
assembly 12 is coupled to the mounting surface of 
the X-Y stage table by a number of bolts 28. 

Platen assembly 14 includes a platen 30 hav- 
— jng-a substantially horizontalrptanar, wafer support 
" surface '32. A pair of conduits 36 and 38 are 
attached to openings in the side of platen 30 and 
provide support for insulated wires 40 and 42. The 
insulated wires 40 and 42 are coupled to resistance 
coils 44 which are concentrically positioned within 



the platen 30. When wires 40 and 42 are coupled 
to an electrical power source, current flows through 
the resistance coils embedded within platen 30 to 
heat the platen. 
5 A conduit 46 is attached to an opening in 
pteten 30 and encloses an insulated wire pair 48 
which are connected to a thermocouple 50. When 
the wires 48 are coupled to inputs of a feedback 
control circuit (not shown), the feedback control 

ro circuit can regulate the amount of current flowing 
through wires 40 and 42 and resistance coil 44* 
thereby maintaining the temperature of the platerv 
30 at a desired level. 

As seen in Rg. 1, a vaccum conduit 52 is 

75 located directly over conduit 46 and is coupled to a 
vacuum channel 54. The vacuum channel 54 is 
coupled by a short, vertical channel 56 to. a circular 
vacuum groove 58 cut into the wafer support sur- 
face 32. When vacuum conduit 52 is coupled to a 

20 vacuum pump or other vacuum source, a suction is 
created at circular groove 58. If an integrated cir- 
cuit wafer is placed upon wafer support surface 32; 
it will be firmly held against this wafer support 
surface by the vacuum suction. 

25 With continuing reference to Rgs. 1 and 2 and 
additional reference to Rg. 3, the mounting assem- 
bly 16 Includes a mounting post 60 and a mounting 
pin 61. The length of pin 61 and the height of 
mounting post 60 are of comparable magnitude. 

30 Mounting post 60 includes a foot portion 62, a 
pair of leg portions 64 and 66. a shoulder portion 
68, and a head portion 70. Foot portion 62 is 
provided with a pair of threaded bores 72, which 
permit a mounting post 60 to be attached to 

05 mounting plate 20 of the base, assembly 12 by a 
suitable pair of machine bolts (not shown). Head 
portion 70 is provided with a threaded bore 74 
receptive to the mounting pin 61. Head portion 70 
is also provided with a bore 76 which is receptive 

40 to a cooling conduit 78. 

Mounting pin 61 is. in this prefen-ed embodi- 
ment, a stainless steel nr\achine bolt having a head 
80 and a threaded shank 82. The threaded shanl< 
82 engages the threaded bore 74 of mounting post 

45 60, and also engages threaded bores 84 provided 
in platen 30. Pins 61 are cantllevered from the 
head portion 70 of mounting post 60 to suspend 
platen 30 above the upper surface 18 of base 
assembly 12. 

50 Refening now primarily to Rg, 2. the platen 30 
has a central axis A, and the wafer support surface 
32 lies along a substantially horizontal plane H. The 
mounting pins 61 each have a central axis M which 
is substantially parallel to horizontal plane H and 

55 perpendicular to central axis A. 



3 



0 255 247 




As menti ned previously, a major object of this 
invention Is to prevent any shift in the central axis 
A and/or any movem nt of the horizontal plane H 
as platen 30 is heated or allowed to cooL To 
minimize the movement of the horizontal plane H 
of the wafer support surface 32, the mounting pin 
axis M should be as close to the horizontal plane H 
as possible. This can. of course, be accomplished 
by providing the threaded bores 84 in the platen 30 
as close to the wafer support surface as possible, 
and also by making the diameter of the mounting 
pin 61 as small as possible. By supporting the 
platen 30 near the wafer support surface 32, there 
is very little platen material above the mounting 
pins to expand or contract. Except for a small, 
residual axial expansion of the materials of platen 
30 which are located above the mounting pins 61, 
virtually all of the axial expansion and contraction 
of the platen will occur below the mounting pin axis 
M, Le., towards or away from the base assembly 
12. The residual axial expansion of platen 30 and 
any axial expansion of an integrated circuit wafer 
supported by platen 30 are partially compensated 
by small, axial movements of the mounting assem- 
blies. 

Referring now to Rg. 4, the platen 30, when 
heated, will also expand in a radial direction as 
indicated by arrow 86. As the platen 30. expands a 
distance "d". the legs 64 and 66 of the mounting 
post 60 will flex as indicated at 64' and 66'. Snce 
the height of the mounting post 60 is large com- 
pared to the small deflection d caused by radial 
expansion of platen 30, the distance **D' between 
wafer support surface 32 and upper surface 18 
remains relatively constant thus maintaining the 
wafer support surface in the horizontal plane H. 

Furthermore, the symmetrical an'angement of 
the mounting posts 60 around the platen 30 helps 
maintain the lateral position of axis A of the platen 
30. This is due to the fact that the spring biasing 
force of the resilient leg portions 64 and 66 will 
tend to be equalized among the various mounting 
posts. 

The flexible leg portions 64 and 66 are mutu- 
ally parallel and are aligned in the direction of 
radial expansion 86. Of course, more or fewer leg 
portions would also accomplish the sanrte result. 
However, if at least two, mutually parallel, resilient 
leg portions are provided for each mounting post, 
torsional effects exerted on the mounting pins 61 
will be minimized. 

The platen 30 and mounting posts 60 are pref- 
erably made from materials having high thermal 
conductivity, such as brass. The mounting pins 61 , 
on the other hand, are made from a material having 
relatively lower thermal conductivity, such as stain- 
less steel. By using a low tiiemial conductivity 
material of small cross sectional area for tiie 



mounting pins 61 and a high tiiermal conductivity 
material for the platen 30 and mounting posts 60. 
and by making th mounting pins 61 relatively 
long, a sharp temperature gradient Is formed along 

5 the shank 82 which results in relatively littie heat 
being transmitted from tiie platen 30 to ttie mount- 
ing post 60. In fact, tiie combination of ttiese fac- 
tors have been shown to keep the temperature of 
tiie mounting posts 60 near ambient temperatures 

70 even when the plate 30 is heated to 300 degrees 
centigrade. 

Heat that is transmitted to the mounting post 
60 can be dlssfpated^by -c^^^^^^ 
conduit 78 which is plumbed through the bores 7j3 

75 of head portion 70 of the mounting post? 60. Vi^ 
seen' In Fig. 1, tiie cooling conduit 78 is provided 
with fittings 88 and 00, one of which is attached to 
a source of cooling fluid, and the other of which is 
attached to a drain for cooling fluid. 

20 While this Invention has been described witii 
reference to a single preferred embodiment, it is 
contemplated that various alterations and permuta- 
tions of the invention wit! become apparent to those 
skilled in ttie art upon a reading of tiie preceding 

25 descriptions and a study of the drawing. It is there- 
fore intended that -tiie scope of tiie present inven- 
. tion be determined by the followirtg appended 
claims. 
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Claims 



1. A hot chuck assembly (10) including a base 
(12). a platen (30) having a.substantially horizontal. 

35 planar, wafer support surface (32), and a heater 
(44) for heating the platen (12); characterized in 
tiiat: 

a support (16) positions the platen (14) over the 
base (12) such tiiat tiie wafer support surface (32) 
40 remains in a substantially constant horizontal plane. 

2. A hot chuck assembly (10) according to 
claim 1 wherein tiie support (16) includes a number 
of mounting assemblies coupled to tiie base (12) to 
support the platen (30) over the base (12). 

45 3. A hot chuck assembly (10) according to 
claim 2 wherein each of tiie mounting assemblies 
include mounting post (60) attached to the base 
(12), and substantially horizontal mounting pins 
(61) extending between ttie mounting post (60) and 

50 tiie platen (14). 

4. A hot chuck assembly (10) according to 
claim 3 wherein the mounting pins (61) are coupled 
to tiie platen (30) proximate and substantially par- 
allel to tiie wafer support surface (32). 

55 5. A hot chuck assembly (10) according to 
claim 4 wherein the mounting posts (60) are ca- 
pable of radial flexure relative to tiie wafer support 
surfac (32). 
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6. A hot chuck assembly (10) according to 
claim 5 wherein the mounting posts (60) include a 
foot portion (62) attached to tiie base (12). a head 
portion (70) coupled to the mounting pin (61). and 
flexible means coupling the foot portion (62) to the s 
head portion (70). 

7. A hot chuck assembly (10) according to 
claim 6 wherein the flexible means includes a plu- 
rality of flexible leg portions (64/66) which are 
aligned in the direction of tiie radial flexure. to 

8. A hot chuck assembfy (10) according to any 
of claims 6-7 furtiier comprising a cooling system 
for cooling the head portion (70) of the mounting 
post (60). 

9. A hot chuck assembly (10) according to is 
claim 8 wherein the cooling system includes a 
conduit (78) which contacts the head portion (70) of 

tiie mounting post (60). and a fluid coolant cir- 
culated through the conduit (78). 

10. A hot chuck assembly (10) acscording to 20 
any of claims 4-9 wherein thff mounting, pin (61) 

has a lower thermal conductivity than the thermal 
conductivity of the platen (30) and the tiiennal 
conductivity of the mounting post (60). 

11. A hot chuck assembly (10) according to 25 
claim 10 wherein the mounting pin (61) comprises 

a threaded shank (82), and wherein the platen (30) 
is provided witii a threaded bore (84> that can be 
engaged witii ttie threaded shank (82). 
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